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Abstract
Objectives: This study was to analyze factors that affect peri-implant bone loss around dental implants placed
into alveolar cleft sites.
Methods: Thirty-one patients with cleft lip and palate (total 46 implants) who underwent implant treatment
following secondary bone graft to the alveolar cleft were included in this study. Evaluation at the peri-implant bone
level was measured using standard X-ray images. Analysis of covariance was performed using the amount of peri-
implant bone loss as the objective variable and sex, cleft type, age at bone grafting of alveolar clefts, time since
completion of implant treatment, type of implant, length of the implant, presence or absence of vestibuloplasty, and
presence or absence of bone augmentation with simultaneous implant placement as the eight explanatory variables.
Results: Of the eight explanatory variables, the factors that affected the amount of peri-implant bone resorption
were sex, presence or absence of vestibuloplasty, and length of the implant. The amount of peri-implant bone
resorption was greater in men than in women (p=0.004), and those that underwent vestibuloplasty also tended to
have a greater amount of bone resorption (p=0.002).
Conclusions: In implant treatment for alveolar cleft sites, a variety of factors that are not seen in non-cleft,
individuals are intricately linked. Detailed analysis of factors that affect peri-implant bone loss is therefore needed in
larger a subject sample in order to establish guidelines for implant treatment of alveolar cleft sites.
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Introduction
Secondary bone grafting of alveolar cleft, in which permanent teeth
adjacent to the cleft are encouraged to erupt or correctively displaced,
is considered the most ideal method of occlusal reconstruction in cases
of cleft lip and palate [1,2]. However, the utility of choosing implant
treatment as a method that does not place a burden on the teeth
adjacent to the alveolar cleft has been reported in cases where occlusal
reconstruction is difficult with orthodontic treatment alone for reasons
such as missing permanent teeth [3,4]. Matsui et al. [5] placed implants
in bone bridges formed by secondary bone grafts to alveolar clefts and
reported an implant survival rate of 98.6% in cleft lip and palate
patients who underwent 5 years or more of follow-up. Meanwhile,
Wang et al. [6] collected and analyzed clinical studies conducted to
date and reported a 91.5% implant survival rate in alveolar cleft area
over a 54.3-month follow-up period. Ferreira et al. [7] reported a
94.3% implant survival rate in alveolar cleft area over a 34-month
follow-up period.
The aforementioned reports suggest that a survival rate almost equal
to that of non-cleft jaws could be obtained with implants placed in
grafted alveolar cleft sites. Nonetheless, when evaluating the clinical
outcomes of implants, the degree of peri-implant bone loss, in addition
to the presence or absence of implant detachment, is an important
evaluating factor. However, there have been no reports analyzing the
changes that occur at the peri-implant alveolar bone level in the bone
bridge following secondary bone grafting, so the facts are unclear.
Many factors that affect changes at the peri-implant bone level have
been reported, including sex, age, site of implant placement, length and
diameter of the implant, surface properties of the implant, and bone
quality of the jawbone [8,9].
In the present study, we analyzed the factors that affect changes at
the peri-implant bone level using X-ray images taken for necessary
post-treatment diagnosis in patients who underwent implant
treatment of the jaw following secondary bone graft at our department.
The present study was conducted with the approval of the ethics
committee of Showa University School of Dentistry (2011-008).
Materials and Methods
Thirty-one patients (11 male and 20 female) with cleft lip and palate
who underwent implant treatment (46 implants) following secondary
bone graft to the cleft at Showa University Dental Hospital during the
15-year, 6-month period from February 1995 to August 2010 were
include in this study. Evaluation at the peri-implant bone level was
measured using standard X-ray images. Twenty-two cases had
unilateral cleft lip and palate, and 9 cases had bilateral cleft lip and
palate.
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Age at the time of cleft jawbone grafting ranged from 14 to 30 years
(mean: 19.8 years), and all cases had undergone autologous cancellous
iliac bone grafting to get adequate alveolar volume that was same
width and height with both sides of the teeth. Orthodontic treatment
was performed in these subjects while securing the implant placement
site. Age at the time of implant surgery ranged from 14 to 30 years
(mean: 21.4 years; Table 1). Implant placement was performed in line
with recommended procedures under local anesthesia following
completion of orthodontic treatment. Implant shoulder level was equal
to that of the bone crest.
Variable Mean (SD) Range
Age of grafted bone in alveolar cleft (year) 19.8 0.7 14-30
Age of placed implants (year) 21.4 0.7 14-30
Observation period (month) 40.7 4.9 8-104.9
Marginal bone loss (mm) 1.5 0.7 0.8-4.1
The average age of cleft jawbone grafting was 19.8 years old. The average age
of implant surgery was 21.4 years old. The average of the observation period
was 40.7 months. As for the maximum of peri-implant bone loss, 4.1 mm, the
average was 1.5 mm.
Table 1: Age of operation and peri-implant bone loss
The types of implant used were 13 Hydroxyapatite (HA)-coated
implants (Integral® Implant System; Calcitek, Carlsbad, CA), 10
machined surface-type titanium implants (Brånemark System MKII
Implants; Nobel Biocare Holding AG, Zürich, Switzerland), and 23
rough surface-type titanium implants (Brånemark System TiU MKIII
Implants; Nobel Biocare Holding AG, Zürich, Switzerland).
All implants had a diameter of 3.75 mm. Implants in lengths of 15
mm, 13 mm, and 11.5 mm were used (Table 2). In addition, 20 cases
with insufficient bone quantity received a milled bone graft of cortical
bone harvested from the mandibular anterior ascending ramus during
the first surgery. Thirteen cases with a shallow oral vestibule and
movable mucosa covering the peri-implant area underwent
vestibuloplasty combined with a palatal mucosa graft during the
second surgery.
















Total 31  46
The types of implant used were Hydroxyapatite (HA)-coated implants, machined
surface-type titanium implants, and rough surface-type titanium implants. A
comparatively long Implant more than 13 mm used in 38 of all.
Table 2: Type of implant and number of inserts implants
The same surgeon performed all these surgeries. Furthermore,
maintenance was performed every 3 to 6 months after completion of
treatment to examine the peri-implant gingiva, check the prosthetic
devices and provide oral hygiene guidance. The follow-up period after
completion of implant treatment was 8–104.9 months (mean: 46.7
months).
Evaluation of peri-implant bone loss
Implant length and maximum distance from the alveolar crest to the
inferior margin of the implant collar were measured based on standard
X-ray images using x-ray image viewer. The actual amount of bone
resorption was calculated using the following formula based on the
length of the embedded implant and the length of the implant
measured on film (Figure 1). In addition, the same examiner took
these measurements three times each at different times and used the
mean as the measured value.
y=ax ÷ b
Figure 1: Calculation of amount of bone loss. Bone loss was
calculated based on implant length and maximum distance from
the platform to the inferior margin on X-ray images. y=ax ÷ b; y:
Amount of bone loss, a: Amount of bone loss on film, x: Actual
implant length, b: Implant length on film
Statistical analysis
In order to examine the correlation between peri-implant bone loss
and factors considered to have a potential effect on changes, an
analysis of covariance with each objective variable was performed with
amount of bone loss as the objective variable and sex, cleft type, age at
bone grafting of alveolar clefts, follow-up period after completion of
implant treatment, type of implant, length of the implant, presence or
absence of vestibuloplasty, and presence or absence of bone
augmentation with simultaneous implant placement as the eight
explanatory variables.
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The level of significance was set at 5%. The statistical analysis was
carried out in R package (Ver. 2.12.0) [10].
Results
Survival of dental implants and peri-implant bone loss
Osseointegration was achieved in all 31 cleft lip and palate patients.
No implant disturbance or removal was seen. The amount of peri-
implant bone loss was 0.8-4.1 mm (mean: 1.5 mm; Figure 2).
Figure 2: Effect of implant type on bone loss. No statistically
significant differences were seen between type of implant and
amount of peri-implant bone loss (p=0.286). H: Hydroxyapatite-
coated implant, M: Machined surface-type titanium implant, R:
Rough surface-type titanium implant.
Statistical analysis
Analysis of covariance for amount of bone loss was performed with
a statistical model using all explanatory variables, i.e., sex, cleft type,
age at bone grafting of alveolar clefts, follow-up period, type of
implant, length of the implant, presence or absence of vestibuloplasty,
and presence or absence of bone augmentation with simultaneous
implant placement. Variables where no significant differences were
detected were successively omitted to find the optimal combination of
explanatory variables with the smallest Akaike Information Criterion
(AIC) [10].
Figure 3: Effect of sex on peri-implant bone loss. Male exhibited a
greater amount of bone loss than female (p=0.004).
As a result, a simplified statistical model using four of the initial
eight explanatory variables (type of implant, length of the implant, sex
and presence or absence of vestibuloplasty) was found to be the best
model in an analysis of covariance (AIC=178.41). A test using this
model did not reveal a significant difference in type of implant
(p=0.286), so this variable was omitted (Figure 2). Thus, a simplified
statistical model using three of the initial eight explanatory variables
(length of implant, sex and presence or absence of vestibuloplasty) was
found to be the best model by analysis of covariance. A test using this
model revealed a greater amount of resorption in men than in women
(p=0.004; Figure 3), a tendency for greater bone resorption when
vestibuloplasty was performed (p=0.003; Figure 4), and more bone
resorption was seen with greater implant length (p=0.002; Figure 5).
Figure 4: Effect of implant length on bone peri-implant bone loss.
Amount of bone loss increased with implant length (p=0.003).
Figure 5: Effect of vestibuloplasty on peri-implant bone loss.
Subjects that underwent vestibular extension exhibited a
significantly greater amount of bone loss (p=0.002).
Discussion
Several reports have focused on the clinical outcome of implants
placed in alveolar cleft sites [5-7], however, few reports have examined
the effects of implants placed in alveolar cleft sites for long-term
changes of peri-implant bone loss. The facts that affect the bone loss by
the implant placed into alveolar cleft sites were unclear.
The surface properties of implants were previously known to affect
the success of implant osseointegration. The rate success of
osseointegration is reported to be significantly higher with rough
surface-type implants than with machined surface-type. This was the
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case when both machined surface type titanium implants and rough
surface-type titanium implants were compared, and when the bone
quality of the bone or initial fixation of the surface-type implant during
placement was poor [11,12]. The surface properties of almost all
implants currently on the market are rough surface-type. However,
peri-implantitis is prone to occurring in rough surface-type implants,
and once peri-implantitis has occurred, it is difficult to control [8,9].
Matsui et al. analyzed changes to bone surrounding implants placed in
cleft sites and reported an increasing trend in the amount of bone loss,
with the smallest amount of bone loss occurring with machined
surface-type implants, followed by HA-coated implants and rough
surface-type implants [5]. In the present study, no statistically
significant differences in the amount of bone resorption were seen by
surface property in HA-coated implants, machined surface-type
implants, and rough surface-type implants. One likely reason for the
lack of a difference in the amount of bone loss by type of implant is
that peri-implantitis was prevented by performing regular
maintenance in all subjects without causing implant-related differences
in oral hygiene.
There is no clear evidence that sex affects implant prognosis. Even if
postmenopausal women develop osteoporosis and subsequent
thinning of cortical bone and coarse trabecular bone, the activation of
bone as a result of implant placement means that these issues do not
hinder implant treatment if sufficient time is given for osseointegration
to succeed [13,14]. Furthermore, the shape of the bone bridge formed
by bone grafting has been found to be unaffected by sex [15]. A report
that histopathologically analyzed changes following bone graft to the
cleft found that approximately 6 months after bone grafting, the
grafted bone had been replaced by a structure similar to alveolar bone
as a result of remodeling and further confirmed that this change was
not influenced by sex [16]. The mean age of the patients examined in
the present study was young at 19.8 years, so female hormones were
not thought to have affected bone. While it is not possible to clarify the
reason for the significantly greater amount of peri-implant bone loss in
men than in women in the present study based on the above, it is
conceivable that changes to peri-implant bone, such as oral hygiene
status and occlusion-related load applied to implants, had an effect.
The presence of attached gingiva around the implant is considered
best to inhibit the onset of peri-implantitis and maintain the implant
long-term [17,18]. In general, alveolar cleft that have undergone bone
grafting have a layer of extended labial mucosa covering the grafted
bone, which tends to make the oral vestibule shallower. As a result, the
oral vestibule surrounding the implant placed in the cleft sites is often
shallow with missing attached gingiva and movable mucosa
surrounding the implant. In such cases, because peri-implantitis is
prone to occurring, it is considered necessary to achieve attached
gingiva surrounding the implant by means of vestibuloplasty and
palatal mucosa graft. In fact, 12 subjects in the present study
underwent vestibuloplasty during abutment connection. However, the
amount of peri-implant bone loss was significantly greater in the group
that underwent vestibuloplasty. This is likely because of surgical stress
[19], which may need to be further examined in terms of surgical
duration, such as performing vestibuloplasty prior to implant
placement in subjects who require vestibuloplasty.
The length of the implant also affects implant prognosis. It is
therefore considered best to insert implants of at least 10 mm in length
[8]. In the present study, analysis of the length of implants and peri-
implant bone loss revealed a tendency for a greater amount of bone
loss in subjects with longer implants, which was a finding that differed
from previous reports. While the results of the present analysis do not
clarify why a greater amount of bone resorption was seen in subjects
with longer implants, they did suggest that the need for bone grafting
around the implant during implant placement is a factor in subjects in
whom long implants were chosen.
In implant treatment for alveolar cleft, a variety of factors that are
not seen in non-cleft, healthy individuals, such as bone defects in the
cleft area, loss of gingiva and/or mucosa, and skeletal malocclusion, are
intricately linked. Detailed analysis of factors that affect peri-implant
bone loss is therefore needed in a larger subject sample to establish
guidelines for implant treatment of alveolar cleft.
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